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THE INFLUENCE OF NITROGEN IN SOIL
ON AZOFICATION
By
J. E. Greaves and D. H. Nelson

:Many soils of the arid west have a rich active azofying flora.
This is due in no small measure to their composition. They are
high in calcium and magnesium carbonate and contain a good
supply of available phosphorus and potassium but have a low
nitrogen content. They are poor in organic carbon; hence, their
native supply of energy is limited. It is well-known that a.
liberal supply of rapidly decaying organic matter is beneficial,
and this is being supplied to some soils in the form of manures.
This will increase the nitrogen content of the soil. What effect
will this increase have upon the nitrogen-fixing powers of the
soil? It is the province of this bulletin to consider some of the
results which have been obtained in seeking an answer to
this question.
A marked difference between the azofiers and higher plants
and other bacteria is that they possess the power of obtaining
their nitrogen from the air. According to some writers (32) in
the presence of combined nitrogen they obtain little from the
air. Lipman (25), Stranak (32), Heinze (18), and Stoklasa
(33) found that small quantities of nitra.tes stimulate
AzotoOacter, whereas large quantities discourage nitrogen-fixation since the organisms live on the nitrates. This is the case
whether the nitrates are added to the soil or to the solution in
which nitrogen-fixation is taking place. Decrease in the number
of both aerobic and anaerobic azofiers has been reported where
sodium nitrate has been applied to the soil (6). Coleman (5)
considers this action as due to several different factors, namely,
(a) a direct toxic action of the salt, (b) antagonism of other
organisms which it favors, (c) the using up of the energy
supply by these organisms, and (d) the discouragement of
fixation by the use of sodium nitrate. The last would seem to
be the lTIOst important factor when viewed in connection with
the results reported by Hills (19, page 4).
It is evident from these results that although nitrates
cause more active multiplications of Azotobacter, they greatly
reduce their physiological efficiency. The organisms used by
Hills had probably grown for · a long time on media poor in
nitrogen and their ability to fix nitrogen was therefore high.
But would they continue to exert this power if grown on media
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Relative per cent of Nitrogen Fixed
Relative Number* of
Unsterilized Soil
Organisms
Sterilized Soil
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rich in nitrogen? The evidence points strongly to the conclusion that they would not.
Bonazzi (3) even argues from a recalculation of Hills' results
where he used Azotobacter chroococcum in synthetic media that
nitrates either in the form of sodium nitrate or ammonium
nitrate cause a very appreciable loss of nitrogen either as free
nitrogen or as a volatile nitrogenous compound. He further
considers it probable that whereas Azotobacter ' chroococcwm
may be a fixer of atmospheric nitrogen under such conditions as
we may call "normal", i. e., in the absence of fixed nitrogen and
a denitrifier when such conditions are changed so it may feed
upon nitrates.
Nitrates and ammonium sulfate are rather effective in
stimulating nitrogen-fixation when the Azotdbacter are grown
in connection with the cellulose ferments (27) . Even here,
however, large quantities have been found to decrease this
power. In pure cultures ammonium sulfate (23, 25) seriously
retards nitrogen-fixation, whereas the nitrogen of humus even
in large quantities appears to have no serious retarding influence. Nevertheless, a high nitrogen content of soil seems to be
unfavorable to a vigorous nitrogen-fixation. Whether this would
be the case where the nitrate content of the soil is kept low but
the readily decomposable nitrogen high is yet to be answered.
Hiltner and Stormer (20) consider that when the nitrogen content of the soil passes beyond a certain limit the decay bacteria
increase rapidly, and in the struggle for existence they are able
to suppress the more slowly growing Azotobacter. This latter
contention would not seem to be borne out by the facts in the
case, for it has been found (13) that the nitrates become toxic
to the amlnonifiers and usually to the nitrifiers before they do
to the azofiers.
It has long been known that humus exerts a highly favorable
influence on azofication. Since hu'm us is such a complex variable
substance its action varies with its origin (24.) Remy (29)
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considered that some of the products resulting in the splitting
of humus were favorable sources of energy for Azotobacter. '
Definite and valuable information is furnished by the work of
Lohnis and Green (26). They grew mixed cultures of Azotobacter chroococcum Azotobacter beijerirwkii, Azotobacter vinelandii, and Azotobacter vitrium in Beijernick's mannite solution with various forms of organic matter.
Material

Nitrogen fixed in 100 cc. of -solution
after 3 weeks (mgm.)

Fresh straw......................................
F~esh stable manure ..... ........ _. __ ..... ._
Fresh peaL _. _____ __ .. ___.. _.. __.. _.. ____ .. __ _._.
Green manure _____ .......... _.... __ ............
Beijernick's mannite solution. ___ .. _.

10.0
9.8
9.3
8.0
5.6

After humification these substances are even more readily
assimilated and the nitrogen-fixation greater than where the
unhumified substance was used.
The same year Hanzawa (17) published results which
showed that stable manure even up to 3 per cent greatly stimulated bacterial activities. He found green manure to be injurious. It is therefore certain that under appropriate conditions humus can act as a source of energy to azofiers and
usually stimulates. The extent of stimulation is governed by
the composition and quantity of available nitrogen which it
carries. Corn roots and stalks (7), oak leaves, lupine, alfalfa,
maple leaves, and pine needles-in short the tissues of most
plants-stimulate azofiers (21, .28). Apparently the tissues
from the non-legumes give a greater gain than do those from the
legumes (4). Rapidly decaying non-leguminous tissues are
especially active (8).
The influence of stable manure upon the nitrogen-fixing
powers of the soil under field conditions is seen from the following table in which the quantity Of nitrogen fixed in the unmanured soil has been taken as 100 per cent (14).
Treatment
No
5
10
15
20
25

nlan ure ........................... _........................
tons manure to the acre ...................... _.
tons manure to the acre...... ..................
tons manure to the acre........................
tons manure to the acre........................
tons manure to the acre ..... _..................

Nitrogen Fixed (%)
100
103
110
105
103
101
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When · used in large quantities the benefit derived from increased azofication is not so pronounced as when used in smaller
quantities. The decrease may be due to the physical effect of
the manure upon the· soil, for Richard (30) found that Azoto.
bacter grow and fix nitrogen in horse manure when it is wellaerated and contains sufficient moisture and calcium carbonate.
As would be expected, the number and activity of the azofiers in
manure vary with the feed of the animal. Their activity appears to be greatest in fermenting manure mixed with straw
which serves as a source of energy (25).
Although Fulmer and Fred (10) ·were unable to find Azoto.
bacter in any of the samples of manure examined they did obtain many azofiers from it, thus making it certain that the manure may carry to the soil nitrogen-fixers.
Therefore the addition of manure to a soil may increase the
number of azofiers and the available energy, but it is also carrying to the soil combined nitrogen. It is well-known that the
nitrogen in a soil reaches a certain equilibrium which Bear (2)
has found for Ohio soil to be between 2000 and 3000 pounds of
nitrogen per 2,000,000 pounds of soil. Will the same occur in
our extremely active nitrogen-fixing soil of Western America?
PLAN OF EXPERIMENT

The work of this experiment can be divided into three parts:
(1) a laboratory study of the influence of carbohydrates, dried
blood, and various nitrates upon the nitrogen equilibrium of the
soil; (2) a study of the nitrogen gains and losses of similarly
treated soil kept bare with optimum moisture content in pots;
and (3) studies of the loss and gain of fallow field soil receiving
varying quantities of manure and water.
COMPOSITION OF SOIL

The investigation was conducted either on soil from the
Greenville Experiment Farm or on the farm itself which is
situated two miles north of the Utah Agricultural College. The
soil represents a type found in large areas in the Great Salt
Lake Basin. It is of a sedimentary nature, being derived front
the weathering of the mountain range nearby, which consists
largely of limestone and quartzite deposited by the streams as
they flowed into the now extinct Lake Bonneville. The soil is
situated at ·the foot of the main delta thus formed and consists
of fine sand and coarse silt of fairly uniform chemical and physical composition to a great depth. The chemical and physical
analysis of the soil is given in Table ·1. The chemical analysis
was made according to the official methods of the Association of
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Official Agricultural Chemists, while the physical analysis wns
made by means of the Yoder (35) soil elutriator.
Table 1. Chemical and physical composition of the soil of the
Greenville E xperiment Farm (Utah)
Chemical Composition

Physical -Compositi on

I

Per cent
Constituent
Per cent
Constituent
-I-n s- o-Iu-b- I-e- re-s-id-u-e..-. ..-..-..-. . -...-.I- -4-1-A-.:;- II-C- o-a-rs- e-sa-n-d-.-...-..-..-...-..-..-.. -...-..-...
0.21
Soluble silica.....................
.62 Medium sand ................. _. ___ .
9.6 3
TotaL ........................ ~ ~8 Fine sand ___ _.. _. __ . ____ __ ... _._. __ . ~
30.01
Potash (K 2 0 ) -.. ---- -.-.-- ----.-.67 Co arse silL __ _. ____ .... __ ......... _.
32.25
Soda ( Na?0 ) -.----.. --.. -.-- ---.-. 35 Med ium silL ... _._..................
12. 31)
Lime (CiO) .... __ _................
16.8'3 F ine silL ...... ___ ._ ... _...... _......
6.25
Magnesia (MgO) ................
6.10 Clay_.... _... __..... ______ ._ .. ___.. __ .. __.
7.62
Oxide of iron (Fe 2 0 3 ) -- --. 3.03 Moisture ___ ...... ___ ___.. _._. _.........
1.60
Alumina (AI2 0 )-.-.... --.-----.
5.64 Soluble and losL:_.. _____ ... _.. _
.10
Phosphori ~ acid P 2 5 ) • • --Al Specific gravity ___ . ____ . __ ___ ......
2.67
Carbon dioxide (C0 2 )-- - - -19.8 3 Apparent specific gravity....
1.23
Volatile matter..................
5. 60 W a t er-soluble sa lts. _____ _.. __..
.01)
TotaL ... _.....................
100.69
Humus ___ __ . ___ ____ __ ____ ____ ..
.53
Nitrogen ___ __ ____ . ___ . ____ ._..
.13 q
1

°

The soil has been analyzed to a depth of 10 feet and was
found to be very similar in both chemical and physical composition to that given in Table T. There were, however, slightly
greater quantities of acid-soluble material in the lower footsections. The humus and nitrogen of the deeper soil was
slightly less than in the first foot. The physical composition is
practically the same to a depth of 10 feet. The soil is exceptionally rich in phosphorus and potassium, but low in nitrogen
and hunlUS. The calcium and magnesium contents, which arc
in the form of dolomite, are exceptionally high. The soil is
very fertile and well supplied with azofiers, and although its
nitrogen and humus contents are low it produces excellent crops.
, The pH value of the soil is 8.7, which is slightly above the
critical pH value as found by most investigators (9, 11) , but is
well within the limit as found by Johnson and Lipman (22).
Laboratory StudY.-Several hundred pounds of the soil were
thoroly mixed, stor ed in a large box, and kept as near field
conditions as possible so that all the work could be done on the
same soil. As the soil was needed in the work, portions were
brought to the laboratory, air-dried in the dark, then weighed in
100-gram portions into sterile covered tumblers. To each of
these were added the various constituents shown in Table 2.
Each sample was then carefully mixed and the water content
made up to 60 per cent of the water-holding capacity. This was

Table 2.-Mgs. of nitrogen fixed in 100 grams of soil r eceIvmg various treat m ents a nd after varying
lengths of time. (Incubated at 28 degrees C.)
.-

2 1

Treatment

I
I

42 J~!~

- - y-

Time in Days
105 I 126 ! ~I~

189
_3 . 3

None .............................. ..................................... __ .. _

5.5 /

3.6

_ 1.4

1.S

_2.4

0.3

_1.7

Soil plus 2% mannite ..................................... _..._
Soil plus 2% mannite plus 84.06 m gs.
*NN as sodium nitrate ................................
Soil plus 2% mannite plus 84.06 mgs.
NN as pota.ssium nitrate ..............................
Soil plus 2% mannite plus 84.06 mgs.
NN as calcium nitrate ................ _.............. _..
Soil plus 2% mannite plus 84.06 m gs.
NN as magnesium nitrate ................. ...........
Soil plus 2% mannite plus 84 .06 mgs.
NN as manganous nitrate ............................
Soil plus 2% mannite plus 84 .06 m gs.
NN as ferric nitrate .. ....................................

2.1

4. 6

_ 3.5

2. 8

i1.4

5.6

_1.4 -

9.4

5.4

7.6

1 0.4

5.2

3.8

5.5

Soil plus 2% dried bJood ............................ _..... ..
Soil plus 2% dried blood plus 84.06 mgs.
NN as so diu m nitrate .. ................................ ..
Soil plus 2% dried blood plus 84.06 mgs.
NN as pota.ssium nitrate ..............................
SoH plus 2% dried blood plus 84 .06 mgs.
NN as calcium nitrate ................... _..............
Soil plus 2% dried blood plus 84.06 mgs.
NN magnesium nitnl,t e .. .............................. ..
Soil plus 2% dried blood plus 84.06 mgs.
NN magnesium nitrate ...................................
Soil p lu s 2% dri ed blood plus 84.06 mgs.
NN as ferric nitrate ..................................... _
- ~-. ~~

~.---~~ ~--~.

*NN- Nitric Nitrogen.

-~~

00

_4.9

I

210
_1. 1

I

231
2.

4. 0

1.4 . 2. <>-

5.'i'

4.1

3. 8

1 5.

_1.5

_5 . 6

_ 2. 0

2.

2.8

_0.2

_5 .3

3.3

_6 . 3

_ 5.3

_4.3

4.7

13.6

3.7

9.4

_ 1.5

4. 7

6.2

5.5

_5 .6

3.4

10.

4.1

3.6

12.2

10.6

2.8

6.2

_1.8

_0.7

_ 1.4

3.4

7.

9.4

8.3

8.2

7. 3

4.2

7.2

5.5

·6.9

7.3

4.1

6.

_6.6

_ 7.1

7.3

_2.1 _ 11.6 _11.6

_ 7.7 _l1.:l

_5.7

_8 .1

_4 .

11.2

_7.4

12.3

_1.4

_ 0.7

_4 .2

_2.8

8.8

4.

_ 4.5 _55 . 6 _26 .6 _76 . 3 _ 18.2 _62.0

_9.

_ 4 3.1 _ 65.0 _ 61.6 _ 28. a

,

0.7

4.2

_70 . 3

64.7 _ 45.6 _14 .7 _ 67.2 _ 27.4 _ 33.9 _ 25.3 _ 21.7 _ 29.7 1_30 .

_ 20.3

20 .3 _14.2 _ 91.0 _ 22.9 _18.2 _ 37.8

_ 20 .3

25.9 _ 28.5 _35.0 _ 45.5 _ 25.9 _ 37.8 _31.5 _ 42.7 _ 35.7 _ 54.

15.5
_ 30.2

_.55.~

_ 15.9 _44 .8 _ 3 0.

_ 908 1_1608 _ 21.0 _ 25 .2 _34.3 _31.5 _20.0 _35 .8

_8.4 _1 6.

41.5 _ 30 .8 _ 25.2 _ 24.2 _21.2 _60.2 _ 30 .2 _ 47 .6 _23.8 _ 42.

~~
~

~.

~

~
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kept close to this percentage by weekly weighing and maKing up
the loss with distilled water. The samples were incubated at
28 degrees to 30 degrees and total nitrogen determined by the
Gunning method (1) at intervals of every twenty-one days. At
least six determinations were made with each treatment and
at each time of sampling. In the absence of agreement the
determinations were repeated; hence, the results as here reported are the averages of six or more closely agreeing determinations. The results as reported are calculated to sterile
blanks which were incubated with the .r egular soils. The
~verage results are given in Table 2.
The untreated soil showed a small gain of nitrogen at first,
but this was all lost and a small amount of the original nitrogen before the end of the period. The gain in nitrogen was
slower and more uniform when mannite was added to the soil.
However, when calcium, magnesium, manganese or sodium
nitrate in addition to the mannite were added to the soil its
nitrogen-gathering power was increased, but even here the stimulation was of short duration and usually before the end of
the period the soil was losing nitrogen. Potassium nitrate was
without effect, whereas iron nitrate caused a continual loss. The
addition of dried blood to the soil caused at first an appreciable
increase in nitrogen of the soil. Later this was lost with the
result that only slightly greater gain. was made in the presence
of dried blood than in its absence. When nitrate in addition
to dried blood was added to the soil there was a marked loss of
nitrogen. This was greatest at first . in the case of sodium and
potassium nitrate, whereas in the case of magnesium and iron
nitrate it was greatest in the later periods of the incubation
process. In every case where the dried blood and nitrate were
added to the soil it showed a loss of total nitrogen. It is very
doubtful if this loss is due to denitrification but is due to an
extra rapid ammonification (12), which caused a volatilization
of the ammonia. The results therefore point to the conclusion
that small quantities of nitrates or dried blood when added to
the soil slightly stimulate its azofying powers, whereas if dried
blood and nitrates be added there is a loss of nitrogen due
probably to the volatilization of the rapidly formed ammonia.
Pot Experiments.-Dry soil to a depth of 12 inches was
taken from an unmanured plat, very carefully mixed, screened
free from gravel and coarse undecomposed organic material, and
used as the soil for the pot experiments. This soil, together
with the dried blood, carbohydrate and nitrates, was packed into
the pots. Moisture determinations were made on the mixtures
and then sufficient water, added to make up to the optimum
moisture content. The pot and contents were weighed and the

Table 3.-Mgm. of nitrogen fixed in 100 grams of soil kept in pots receiving various
varying lengths of

~

treatments and after

o

time

Gain or Loss of Nitrogen after Given Time (Days)-mgm. per 100 gms. Soil
30 1 60 I 9-0 1120 1153 1 184 1 214 1 2441
279 I 340 I 437

Treatment
Untreated ................................................... . II

9.11

12.51

7.0\

7.6

7.81

9.21

16.0

2 % lactose ...... ........................................... .

..1\

~.81

~I~I~

4.6

4.8\

8.5

8.91

9.0/

9.0/

6.5

2.0

3.9l

6.9

2% mGtnnite ............................................... .

3.7

10.4

4.8

;14.6

9.6

i13.2

11.3

10.7

6.2

7.6l

13.5

2 OJ,, dri ed blood ......................................... .

-43.5 -90.1 -69.0 ~69.7

-76.7 -99.8 -79.9 -68.01-102.6 -108.3 -115 . 2

2 OJ,, lal!t o-ae, 2 OJ,, dried blood ..................... .

-24.9 -21.1 -63.8 -65.9

-86.2 -82.0 -79.3 -83.0 -105.8 -90.1 -91.8

2% mannite, 2% dried blood .................. .
2 % dried blf)od plus .084 %
NN as sodium nitrate ..................... .
2 % dried blood plus 2 % lactose plus
.084% NN as sodium nitrate .......... ..

-22.8 -23.5 -40.3 -21.4 -48.0 -32.6

-~
~

c::-+-

I

-36.1

-28.4 -49.4 -50.8

~.

-75.0 -127.9 -148.5 -142.2 -139 .5 -145.4 -146.8 -119.1

-92.91-165.7 -161.0

~

-74.9 -127.2 -136.3 -140.5 ·-141.2 -151.1 -159.4 -176.9 -159.41-160.1-168.2

~ ~ ~! o/:o:~~~mn~~~~~ei~··pi~·~··2%···· ·········· '1 -18.3
lactose............................................... .
2% dried blood plus .084 %
NN as potassium nitrate .................. .
2% dried blood plus 2% lactose plus
.084% NN as potassium nitrate ....... .
. 084 % NN as potassium nitrate ............... .
.084 % NN as potassium nitrate
plus 2% lactose ............................... .
2% dried blood plus .084%
NN as calcium nitrate ..................... .

~
N

00
~

-14.5 -20.5 -26.8 -27.5 -23.3 -15.2 -13: 4

-35.5/ -32.4 -23.7

-33.1 -18.5 -30.6 -28.9 -28.2\ -31.1 -26.8 -33.1

- 33.8 -21.9 -25.8

-98.5 -127.9 -147.9 -164.7 -166.7\-148.5 -167.8 -179.7 -213.7 -153.1-188.8
-91.5 -125.6 -152.4 -172.0 -172.3 -164.3 -166.1 -176.2 -181.8 -203.9 -210.2
-26.1 -29.5 -25.8 -28.6

-2~.2

-21.9 -26.2 -36'01

-37.0 -42.8 -44.3

- 25.1 -17.7 -27.5 -28.4 -25.81-22.7 -24.7 -28.91

-20.2 -22.3 -25 .1

-61.91 -94.3/-107.6 -82.4 -95.0 -87.31-110.4 -90.1 -123.4 -204.2 -120.9

Gain or Loss of Nitrogen after Given 'rime (Days)-mgm. per 100 gms. Soil
Treatment

30

2% dried blood plus .084% NN as
~alcium nitrate plus 2% lactose ..... .
. 084% NN as calcium nitrate ................. .

601--90

J

1 120

!

1- - - ' - -

1

I

153 1 184 1 214 1 244
1
"I
.

r

279 1 340 1 437
1

'I

I

- 73.91 -90.8 1-132.1 - 142.6 -141.2 - 139.1 -132.1-167.1 - 148.51- 102.0/- 142 .2

.084 % NN as calcium nitrate
plus 2% lactose............................... .
2% dried blood plus .084%
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moisture made up weekly to the initial content. They were all
kept at room temperature and at first sampled every month.
Later, samples were taken every two months. Before taking
samples the total contents of the pot were poured into a 'large
container carefully mixed, sampled, and then returned and
packed into the pot. Each treatment was duplicated and
duplicate samples were analyzed at each time of sampling from
each pot. Four different sets of pots were used in the check:
hence, the results as reported represent the average of four or
more closely agreeing determinations. The results, together
with the treatment, are giveh in Table 3. The reported results
represent the gain or loss of nitrogen per 100 grams of soil
calculated from the beginning of the experiment.
The untreated soil shows an increase in nitrogen during the
first 244 days. Between the sixtieth and ninetieth days there
is a decrease, but from the ninetieth to the two hundred and
forty-fourth day there is a gradual increase. After this time
there is a loss. Therefore this soil in a little less than one
year had gained at the rate of 480 pounds of nitrogen per acrefoot of soil. Aeration and moisture content had been made
ideal; otherwise, field conditions were closely maintained. When
2 per cent of lactose was added to the soil the increase was slower but more unifonn and reached its highest peak at the end of
214 days. It is interesting to note that it never gains as much
nitrogen as does the untreated soil. When mannite is added to
the soil first the gain is even slower than it is in the presence of
lactose, but during the period under observation the mannitetreated soil gains considerably more nitrogen than does the
lactose-treated soil. However, it never reaches the high level
reached by the untreated soil. Although the soil gains nitrogen
there is a great tendency for it to lose the initial gain, the
gain thus appearing to leave it in unstable nitrogen equilibrium.
When 2 per cent of dried blood (.0272 per cent of nitrogen)
was added to the soil there was a rather rapid loss of nitrogen.
This was probably due in a large measure to the volatilization of
the rapidly formed ammonia. By the end of 437 days 42 per
cent of the added nitrogen had been lost from the soil. The
addition of mannite or lactose in conjunction with the dried
blood very materially cut down the loss. In this regard the
mannite was more effective than was the lactose, but the loss
was great even in the presence of the mannite. The decreased
loss in the presence of the carbohydrate can be accounted for
by the increased bacterial flora which require nitrogen and
hence transform ~he ammonia or nitrates into proteinaceous
material. The addition of sodium nitrate and dried blood to the
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soil increased the loss over that occurring in the dried-bloodtreated soil. If the loss is due to the volatilization of the ammonia this is what would be expected, for the nitrates usually
increase the speed of ammonification (12). The addition of the
soluble carbohydrate to the dried-blood and nitrate-treated
soils has little effect upon the nitrogen-retaining powers of thE~
soil. The soil receiving only .084 per cent of sodium nitrate
lost from one-sixth to nearly one-half of the added nitrate.
This loss was intensified when a soluble carbohydrate was added
to the soil. This may be taken to indicate that the loss is due
directly to denitrification.
The loss of nitrogen from the soil in the presence of dried
blood and potassium nitrate is even greater than it is in a similar
soil containing sodium nitrate. The loss is progre~sive up to the
two hundred and seventy-ninth day, at which time over 60 per
cent of the added nitrogen had been lost. The addition of
lactose only delays the loss for it reaches its maximum in the
presence of the lactose at the close of the four hundred and
thirty-seventh day. The loss in the' presence of potassium
nitrate and no dried blood is uniformly greater than in the
presence of sodium nitrate. The lactose in the presence of the
potassium nitrate has a cons~rving effect on the soil nitrogen.
The loss throughout where the calcium nitrate is added to .the
soil is less than when the potassium nitrate is added. The
lactose us~ally caused greater loss. The loss is invariably more
where the magnesium nitrate is added in the presence of the
dried blood over that with calcium nitrate and dried blood. The
addition of the soluble carbohydrate only delayed the loss of
nitrogen. Iron nitrate differs only from the calcium nitrate in
that the loss of nitrogen is slightly delayed. This is still further
delayed when the soluble carbohydrate is' added to the soil.
Greater losses occur in the presence of the manganese nitrate
than in the presence of any of the other nitrates, and in the
presence of this salt the carbohydrate has the greatest conserving effect. Usually those cQmpounds which have increased
ammonification to the greatest extent (13) are the salts which
have caused the greatest loss, thus making it appear probable
that the loss is due in the main to the volatilization of th~
rapidly formed ammonia. In conclusion, it is interesting to note
that this soil fixes nitrogen more rapidly in the untreated form
than with any of the treatments accorded the soil. This is
what one would expect when it is recalled that the organisms it
contains have developed to meet this given soil condition, and
when the nitrogen equilibrium is disturbed it reacts detrimentally to the natural bacterial flora. Whether this would be
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changed after some time cannot be answered, but it is clear
from these results that it requires over one year.
Tests on Fallow Field Soil.-The fallow plats used in the
field experiments were seven feet wide and twenty-four feet
long with a 4-foot walk dividing each. The land was plowed in
the fall, left over until spring, when a mixture of fairly well·
rotted horse and cow manure was applied to the various manured
plats. The manure contained in each ton approximately 738
pounds of dry matter, 3.04 pounds of phosphorus, 13.7 pounds
of potassium, and 16.08 pounds of nitrogen. The manure was
thoroly disked or plowed into the soil. Measured quantities
of water were applied to the plats from flumes as described in
Utah Experiment Station Bulletins Nos. 115-120, inclusive.
They were kept free from weeds throughout the year. The
quantities of water and manure applied to the various plats
were as follows:
Four plats received no water and no manure.
Two plats received 5 inches of water and no manure. The
water was applied in two equal applications.
Two plats received 10 inches of water and no manure. The
water was applied in two equal applications.
," Two plats received 20 inches of water and no manure. The
water was applied in four equal applications.
Two plats received 30 inches of water and no manure. The
water was applied in six equal applications.
Three plats received 40 inches of water and no manure. The
water was applied in eight equal applications.
All of the above were repeated with plats receiving 5 and
15 tons of manure to the acre. Hence, the series includes soils
without manure, with 5 tons to the acre, and with 15 tons to
the acre. The water applied varied from none to 40 inches both
with and without manure. However, this does not represent
the total water reaching the soil, for there was an average annual
precipitation of about 18 inches most of which fell between the
months of October and May. The precipitation from May to
November did not exceed 5 inches, which of course would be
uniform for all plats. The plats had been treated since the
spring of 1911 in the manner described. In the fall of 1922
careful composite samples were taken from each plat in foot
sections to the depth of three feet.
The nitrogen-fixing powers of each were deterlnined on six
separate samples using lactose as the source of energy. All the
results " obtained from the analysis of the unmanured, the
Inanured, and the various water treatments are summarized
under their appropriate heading in Table 4. Only the averages
are given, and "each of these is an average of frOln twelve to
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eighteen determinations. Hence, the care in making the com·
po site sample and the number .of determinations in the average
should eliminate to a great extent experimental error.
Table 4.-·Mgm. of nitrogen in 100 g r a ms of soil containing 2 per
cent of lactose and from fallow plats receiving various
quantities of water and manure

Treatment
Unmanured ____________ ____ ____
5 Tons Manure ________ ___
15 Tons Manure ____ ...... _
No Water .................... _..
5 Inches Water ...........
10 Inches Water ...........
20 Inches Water ...........
30 Inches Water ...........
40 Inches Water ...........

Mg m. Fixed in Various Foot-sections
2
1
3
_1.5
_2.7
_2.0
3.8
2.1
0.2
5.5
6.4
3.1
0.3
0.1
0.7
3.5
0.6
0.2
1.2
3.2
1.4
2.6
3.3
1.5
5.3
1.9
0.0
_0.6
5.9
0.7

I-

I

I

- -

..

-

Average
~

_2.1
2.0
4.7
0.4
1.4
1.9
2.5
2.4
2.0

The unmanured soil invariably lost nitrogen when incubated
with 2 per cent lactose. This was true of each foot-section but
was greater in the second and third feet than in the first.
Where five tons of manure to the acre were applied to this soil
for eleven years it was changed from a soil which lost nitrog:en
on incubation to one which was fixing appreciable quantities of
nitrogen. The fixation was greatest in the first foot but was
perceptible even to the third foot-section.
The addition of fifteen tons to the acre yearly increased the
fixation over that occurring in the soil receiving a yearly application of five tons to the acre. However, the actual gain per ton
of manure is greater with the 5-ton application than with the
15-ton application. This is the same as the results gotten six
years ago when the bacteriological analysis was made of this
same soil (14).
The benefit exerted by manure upon the azofying powers of
this soil is probably three-fold: (1) The manure is carrying to
the soil a rich azofying and mineralizing flora. These generate
increased quantities of acids which in turn liberate phosphorus
which is so essential to the rapid metabolism of Azotobacter.
(2) The plant residues contained in the manure when acted on
by the rich cellulose microfiora of this soil become a valuable
source of energy to the azofiers. (3) The addition of the manure
to this soil changed its physical structure, thus increasing greatly the aeration occurring within it. This would retard the
growth of the anaerobic azofiers which are extremely wasteful
of energy and greatly accelerate the activity of the aerobic
azofiers which use much more economically the available energy.
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The unirrigated soil fixes only small quantities of nitrogen
in each foot-section. The application of 5 inches of irrigation
water to the soil increases its azofying powers. In the first foot
this increase is eleven-fold, but is much smaller in the second
foot. Ten inches of irrigation water slightly' increases fixation
in the first foot, greatly increases it in the second, and only
slightly in the third. Twenty inches of irrigation water causes
an increase in the first, but the second and third foot-sections
are practically the same as where 10 inches of water is applied.
Thirty inches causes an increase in the first but a decrease in
the second and third foot-sections. This same thing occurs
where 40 inches of irrigation water is applied.
There is an unmistakable gain in the nitrogen-fixing powers
of this soil due to the application .of irrigation water. This
average gain to the depth of three feet increases up to 20 inches;
above this there is a slight decrease. Where 10 and 20 inches
of irrigation water was applied to the soil most 'r apid fixation
was in the second foot-section, probably due to more nearly
optimum moisture conditions here, whereas when the water is
raised to 30 or 40 inches the azofying powers of the first foot are
much greater than in the second. There is no question but what
the application of large quantities of irrigation water would
greatly decrease the aeration in the second foot-section, and it
would appear that this becomes great enough when 30 inches of
water is added to materially cut down the action of the aerobic
azofiers.
Total nitrogen determinations were also made to get an idea
of the loss or gain in total nitrogen by this .soil due to the application of irrigation water and manure. The average results
are given in Table 5. These represent the average of .:from
twelve to eighteen determinations made on different plats but
receiving the same water or manuring treatment.
I

, Table 5.-Total pounds of nitrogen found in one acre-foot
(3,600,000 pounds of soil) after receiving varying
quantities of water and manure

Treatment
Unmanured .................
5 Tons Manure ........
15 Tons Manure ........
No Water ....................
5 Inches Water ........
10 Inches Water ........
20 Inches Water ........
30 Inches Water ........
40 Inches Water ........

Lbs. Nitrogen per Acre-foot in
Various Foot-sections
1
2
3
3758
4310
4702
4338
4274
4274
4444
4199
4078

3226
3444
3627
3408
3444
3524
3469
3389
3359

2218
2818
3121
3055
2827
2647
3726
2511
2507

Total
9202
10572
11450
10799
10545
10445
10639
10099
9944
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During the period of eleven years the soil receiving 5 tons
to the acre yearly had received 884 pounds of total nitrogen. T.t
had gained during this time 1370 pounds, or 486 pounds more
than had been applied in the manure. When considered in the
light of the beneficial effect found for small quantities of
manure on azofication it is very likely th~t most of this gain is
due to nitrogen fixation. The gain came as 552 pounds in the
first foot-section, 218 in the second, and 600 in the third footsection.
The soil receiving 15 tons of manure to the acre yearly had
received 2653 pounds of nitrogen. It had gained 2248 pound8
of total nitrogen. This is 405 pounds less than was actually
applied to the soil in the manure. The first foot-section had
gained 944 pounds of nitrogen, the second 401 pounds, and the
third foot-section 803 pounds. It is certain from these results
that comparatively large quantities of nitrogen can be stored
over a considerable period in this soil and that this increased
nitrogen content, if accompanied with decaying organic matter:
will not inhibit but accelerate the natural azofying powers of the
soil.
It would be valuable to know whether the 450 pounds of
nitrogen which has disappeared frOln the ilrst three foot-section8
of soil receiving 15 tons of manure was actually lost frOln the soil
or only carried below the third foot-section. This latter is very
likely the case, for, as may be seen from Table 6, the applied
manure distributes itself throughout the three foot-sections so
as not to greatly disturb the original percentage distribution.
It is reasonable to believe that this would extend beyond the
third foot-section, for the manured plats receiving the larger
quantities of water show a greater loss than those receiving
small quantities. This being the case, this nitrogen would not
be lost to the growing plant, but, as has been shown elsewhere,
(16) would be returned to the surface and utilized by the plant.
Considering the influence of water on the nitrogen content of
the soil, we 'find that with the exception of the soil receiving 20
inches of water there is a gradual decrease in the nitrogen content of each foot-section as the irrigation water applied is increased. This difference between the unirrigated and the soil
receiving 40 inches of water is in the first, second, and third
foot-sections 260 pounds, 49 pounds, and 548 pounds, respectively. This makes a total of 857 pounds which was carried
below the third foot by the 40 inches of water. Whether the
gain noted where the 20 inches of water applied is due to increased azofication coming from optimum moisture content of
the soil is not clear.
The fact that this is about the optimum moisture content
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for this soil (15) and that the soil receiving 20 inches of irrigation water per year showed a 1110re rapid azofication than the
other soils would lend strength to this view.
Although some of the nitrogen is carried by the irrigation
water below the third foot-section it is important to note that
the p~rcentage distribution is not materially changed by water
or manure. This is brought out in Table 6.
Tabl e 6.· -Per cen t of tota l nitrogen of soil to d epth of 3 fee t
f ound in the various foot- sections, th e soil having r eceived
various quantities of water and manure

Tre atment

I

% of Total Nitrog p.n in Variou s Foot-sections
1_ __
2
3- - -

1_ _ _

Unmanured .... ___ _____ ___ ____ __ __!
5 Ton s Manure _____ . ___ __ ___1
15 Tons Manure_ ______ __ _____
No WateL __ _____ __________ _____ _.
5 Inches Water ____ ______ ___ .
10 Inches water ___ _______ _._.'1
20 Inches Water _______ __ ____.
30 Inches Water ______ ~ _____ .11
40 Inch es Water ____ ___ ___ ___ . I

40.8
40.8
41.0
40.2
40.5
40.9
41.8
41.5
41.1

35.0
32.6
31.6
31.6
32.6
33.7
32.6
33.6
33.8

24.0
26.6
27.2
28.3
26.8
25.3
25.6
24.9
25.2

As an average, 41 per cent of the total nitrogen of the three
foot-sections is in the first foot, 33 per cent in the second, and
26 in the third. The unmanured in the first foot-section varied
from this by 0.2 per cent and the watered by only 0.8 per cent.
In the second and third foot-sections the variation from the
averages is by only 2 per cent. It therefore appears that the
nitrogen applied to a soil with a Inanure distributes itself
through the first three foot-sections of soil in about the pro~
portion in which the original nitrogen is found. This would be
true only when considerable time elapses after or during the
application of the organic nitrogenous manure.
Although a direct comparison cannot be made between these
results and those obtained at Rothamsted (31), yet it is · interesting to examine our results in the light of the Rothamsted.
The Broadbalk wheat fields had received, during fifty years,
10,000 pounds of nitrogen; of this quantity only 26.96 per cent
had been retained in the first 27 inches. The nitrogen had distributed itself so that the following percentages were found in
each section of the manured and unmanured soil:
Sections (per cent)
Top 9 inches __ _._____ __ _____ ___________ _._ ...... __
9 - 1 8 inches .. _. __ .. .-- _.. __ . __ _. ___ ____ _____ _ ,
18 - 2 7 inches ....... _.......................... .

Soil
Manured

Unmanured

57.0
22.7
20.3

40.5
30.7
28.7

-------------

--------------------------~--------- -----..
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The nitrogen which had been retained by the Rothamsted
soil is confined almost entirely to the first foot-section, seeming
to indicate that the nitrogen which passes the first foot is mainly
lost in the drainage water. On the other hand, the Greenville
farm soil retains the nitrogen with equal vigor in the first,
second, and third foot-sections. This is probably due to ' the
great uniformity of the Greenville farm soil even to a depth of
ten feet. It is therefore quite likely that much greater quanti~
ties of nitrogen can be stored in this soil than in many other
soils. Moreover, large quantities of manures may be used on
this soil with little loss, whereas in soils where the retaining
powers for the plant-food is confined to the surface layer the
loss may be great.
GENERAL CONSIDERATIONS
In most of our Utah soils nitrogen is the limiting factor of
crop production. The Greenville farm soil with which this
bulletin deals contains in an acre-foot 4904 pounds of total nitrogen, 2700 pounds of total phosphorus, and 60,560 pounds of
total potassium. A 50-bushel crop of wheat each year for fortynine years would remove the equivalent of the total nitrogen
to a depth of one foot. It would require 170 years for a
50-bushel wheat crop to remove the total phosphorus in the
first foot, while the potassium would suffice for over a thousand
crops. Of course a crop would never remove all of the nitrogen,
phosphorus, or potassium from the soil, but these figures show
that the nitrogen is the element which must be replenished.
This nitrogen may be added in two ways: (1) as fertilizers
and organic manure or (2) by the beneficial bacteria which live
in the soil. Commercial fertilizers are expensive and organic
Inanures are limited, whereas the beneficial bacteria not only
work for nothing but pay for the privilege.
These results show that commercial fertilizers may discourage the beneficial bacteria to such an extent that they cease
to gather nitrogen from the air, whereas the use of farmyard
manure encourages them. It also carrie~ nitrogen, phosphorus,
and potassium to the soil which can be utilized by the growing
plant and inlproves the tilth of the soil favoring beneficial bacterial growth. In addition to this it furnishes food which can
be assimilated by bacteria and thus increase their nitrogengathering activities. Hence, the indirect effect _of farmyard
lnanure as compared with commercial fertilizers is great.
The actual gain of one acre of the Greenville soil which received five tons per acre yearly for eleven years was 486 pounds
of nitrogen, or 44 pounds per acre yearly, which was gathered
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from the atmosphere by bacteria due to the application of
manure to the soil. In addition to this the soil held all of the
nitrogen which had been applied with the manure. Moreover,
these results conclusively demonstrate that large quantities of
nitrogen when applied to this type of soil may be stored within
it and near enough to the surface so that the residual effect may
be noted in succeeding years in the crop yields.
Although the continuous application of manure to the soil
increased greatly the nitrogen ' content of the soil it did not
decrease its nitrogen-fixing powers, thus showing that the nitrogen-fixing power is a function of the soil and not alone of the
nitrogen content. Probably the rapid fixing abilities of this
soil are dependent to a marked extent upon the high carbonate
and phosphorus content, and when sufficient organic matter and
water is applied to the soil bacterial activity becomes great.
SUMMARY

The results reported in this bulletin were obtained on a
highly calcareous soil well supplied with all the essential plantfood except nitrogen which was low. The work can be divided
into three parts: (1) A laboratory study of the influence of
various carbohydrates, dried blood, and different nitrates upon
the nitrogen equilibrium of the soil; (2) a similar study carried
on in pots; and (3) a determination of the loss or gain of nitrogen in field soil receiving various quantities of manure and
water. The addition of mannite alone to a soil decreased, as
aetermined by the tumbler method, the azofying powers of this
soil, .but when applied in connection with .084 per cent of
sodium nitrate, calciUln nitrate, Inagnesium nitrate, or manganese nitrate it increased the azofying powers. Two per cent of
dried blood when applied to the soil increased its azofying
powers, but when applied in conjunction with .084 per cent of
the various nitrates there was a loss of nitrogen.
In pot experiments mannite and lactose increased the azofying powers of the soil. Dried blood or nitrate caused a loss,
often the extent of wl).ich was decreased by the application of
mannite or lactose probably due to an increased bacterial flora
which fed upon the rapidly formed ammonia, thus preventing its
vola tilization.
.
The application of 5 and 15 tons of manure to this soil,
yearly, over a period of eleven years, very materially increased
its azofying powers. The total increase was greatest where 15
tons of manure was used, but the increase per ton of manure was
greatest where 5 tons was used. The influence of the manure
was probably three-fold: (1) It brought to the soil an increased
I
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bacterial flora; (2) it furnished energy for the azofiers; and
(3) it benefited the physical properties of the soil, thus resulting in increased aeration which intensified the aerobic and decreased the anaerobic microflora activity. The application of
irrigation water to this soil increas.ed its azofying powers up
until 20 inches a year was applied. Above this there was a
small decrease.
The application of 5 tons of manure to this soil over a period
of eleven years increased its nitrogen content by 1370 pounds.
This is 486 pounds greater than the nitrogen applied "in the
manure. This extra gain is due in a large measure to increased
azofication.
The application of 15 tons of manure to this soil over a
period of eleven years increased its nitrogen content in the first
three feet by 2248 pounds. This is 450 pounds less than the
nitrogen actually applied to the soil. The disappearing nitrogen
was probably carried by the water below the three feet. The
quantity of nitrogen found in the first three feet decreased as
the quantity of water applied, due to the water carrying the
soluble nitrogen to lower depths.
The percentage distribution of the total nitrogen of the first
three feet in the first, second, and third was 41, 33, and 26,
respectively. This was only slightly modified by the application
of manure or water, thus showing that the nitrogen applied in
manure is distributed throughout the surface foot-sections in
the same proportions as is the original nitrogen of the soil.
J
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